ABSTRACT
INTRODUCTION
The use of distributed generation (DG) is growing up during the last years in the entire world. Usually, the decision to start a study to install a DG plant is a costumer initiative due to its own interest for reducing the energy bill. However, the utility company can be an interested part also for encouraging new installations.
Distributed generation is installed close to the load, usually connected to the existent distribution grid, which is seldom prepared to receive the generated power or any other consequence of its installation. Considering this it is necessary to do studies that allow determining the impacts of the distributed generation in the grid.
Under certain circumstances the installation of a distributed generation in the existent grid might bring some advantages for the utility company as loss reduction, postponement of investments for expansion, increase of reliability and improved voltage regulation.
However there are some costs associated to the same distributed generation such as reduction of the utility company revenue, interconnection costs, increase of short circuit level, and others. For the utility company, the costs of the implementation are associated to necessary changes in the protection and control system and, if necessary, reinforcement in the grid branch (for large generation).
Considering this, it is necessary to elaborate a routine to define the possible DG characteristics and installation position in order to allow the utility company to encourage the consumer to do the investment.
This routine has to consider consumer's characteristics as steam and power consumption steam pressure and temperature of consume, primary fuel, and load curve. With these information is possible to define if this consumer is a potential producer and the maximum size of the distributed generation plant.
On the other hand, in order to define the circuits with problems as overload and under voltage, the utility electrical system shall be investigated. This investigation shall be done for several future scenarios.
To define all possible costs and benefits, the amount of investments necessary to supply the load increase in a defined period of time shall be calculated, considering all technical possibilities.
Local regulation of the electrical energy market is a fundamental input for the costs and benefits formulation. This paper considers Brazilian's market that has been changing in the last 15 years, since the beginning of the privatization of electrical companies.
PROPOSED METHODOLOGY
The proposed methodology structure is shown in figure 3 and is composed by two fundamental blocks, namely the utility company and the consumer analyses. As the studies for the implementation of a DG based on the consumer´s point of view are well known and used, this paper focus on the utility company side.
The first necessary input is the utility grid information as elements of interest that characterize the grid as topology, impedances, load, connection point and substations data.
The identification of critical points, in terms of voltage level and loading in the grid shall be done for the actual load condition and for a forecasted demand growth, per example, from 4 to 8 years. To identify critical points, a load flow has to be carried out.
Once the critical points are identified and the larger costumers connected to the grid with their characteristics, a simplification of the grid can reduce the problem´s complexity. This simplification replaces the actual network by the equivalent of all electrical system parts that does not have critical points, external connection or candidates for DG installation. The location of DG candidates and critical points are compared. Only DG units connected to critical point shall be considered, since these are the ones that will postpone investments for the utility company. This methodology is valid since it is considered that all circuits are radial, as usual in distribution systems.
With all these information, a routine of technical analysis shall be done do evaluate all the alternatives. This routine is shown in figure 3.
Technical Analysis
The two basic inputs for the technical analysis of each alternative are the grid information for a scenario starting in the year "X" and a group of information of the largest consumers connected to this grid with characteristics for a DG installation.
The analyses to define the critical points has to start in the year "X", defined by the time of implementation of a DG project. For example, if the DG implementation takes 2 years, the critical points in the grid shall be found considering the grid in 2 years from the beginning of the DG implementation. To find the grid conditions in the future time, a load growth factor per year shall be defined for all the grid or for each main circuit or substation.
The knowledge of some basic characteristics of each one of the main consumers allows the definition of the maximum power for the DG unit (S max ). The developed routine presents good performance without the exact value of the DG unit that requires information that are not available for the utility company in this stage of the process.
The routine considers typical factors for each kind of consumer that makes possible to find an approximated value of the DG unit. The necessary information for most part of consumers are:
• Annual production;
• Fuel consumption per unit of production;
• Fuel availability; • Electrical energy consumption (including load curve).
• Maximum present demand.
Information as steam consumption, temperature and pressure are considered typical for each kind of consumer (pulp and paper, metallurgic, chemical, .etc) and, together to the turbine characteristics and the application of basic knowledge of thermodynamics, allows the calculation of maximum value of DG power.
The routine considers three possibilities of power generation: steam turbine, gas turbine and combustion motor. These three technologies are the most used in any kind of cogeneration plant. Necessary information for a DG with a steam and gas turbine are shown in figures 1 and 2. These are the main arrangements that can be changed according to the necessity. As an example, in a pulp and paper industry, where black liqueur and biomass are burned in boilers, the steam consumed in the paper production is 1350 t/h per ton of paper, including losses. For each ton of steam is necessary 0.25 t of black liqueur and 0.4 t of biomass. For a pressure of 100 bar (at boiler's output), each 7.2 t of steam generates 1 MW, with a condensation of 0,084 t per MW, in a 3600 rpm turbine. With these information it is possible to dimension the maximum size of the DG knowing the annual production and having the available fuel as restriction.
The same analysis was developed for other kinds of consumers making possible to analyze almost all DG alternatives in the utility network.
The maximum power is a restriction (top limit) to define the approximated size of the DG unit connected to a specific busbar of the electrical grid.
The S GD value will be the one witch postpone the reinforcement investment in the circuit or substation where the DG is connected and reduces losses, with the maximum power, bus voltage and circuits loading as restriction. Prague, 8-11 June 2009
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Starting in the year "X", for a period of 4 or 8 years, it shall be calculated, for each year, the amount of power necessary to supply the load growth. The power consumption of the last year will be called S I . The value of S GD will be defined as follows:
• S GD = S max if S max < S I ;
• S GD = S I if S max > S I .
Once defined the DG power, a short circuit study shall be developed to verify if the new short circuit current is, in some point, higher than the original value. If so, it will be quantified the necessary amount for reinforcements caused by the higher value of Icc. This value will be part of connection cost in the economical evaluation.
The new cost of losses shall also be calculated for the DG power, as it can be lower or higher than the original value. Technical studies described above are shown in figure 4 throw block diagrams.
Considering the load variation in time, a load flow study shall be done for the higher and lower load situation, checking if all limits are not violated. If, in the lower load condition, the upper voltage limit is violated, it will be necessary to reduce the exported energy by the GD unit.
Economical Evaluation
Economical evaluation will identify all costs and benefits for the utility company with the installation of a DG plant connected to its grid. Some items can be either a cost or a benefit as the losses, voltage level and reliability, since they can reduce or increase with the DG installation. The main costs for the utility company caused by the installation of a DG unit are:
• Revenue reduction (C PF );
• Connection cost (C cGD );
• Losses increase (some cases) (C L );
On the other hand, the main benefits are:
• Losses reduction (B L );
• Investments postponement (B inv );
• Reliability of the supply (B end );
• Increase of energy security (Bs);
• Tariff due to use of grid (Ba).
The value of the investment postponement will be lowest cost alternative between traditional solutions. Usually these traditional solutions are a new line or cable change when the critical point is a line or a new substation or the enlargement of the existing one when the critical point is the substation.
To define the revenue reduction it shall be considered the kind of contract done between the utility company and the DG unit. It shall also to take in consideration if the produced energy by the DG unit will be bought by the utility company or by an energy commercialization company.
The benefit of the reliability of the supply is the Non Distributed Energy cost reduction caused by the DG installation. This reduction will depend if the DG will be able to operate in island or not.
The increase of energy security benefit will be the avoided amount of energy that eventually would be bought in the spot market, with a much higher value.
The equations to find the above values vary with the local regulation. However, the methodology of analysis will be valid for any situation.
CONCLUSION
The proposed routine is a simple way for the utility company to identify and evaluate distributed generation units, including their size and location, with potential for improving system performance. This is a change to a reaction approach -in which utility is faced with a problem -to a more proactive one.
The final decision of investment will be taken through a negotiation between the utility company and the costumer, which will take the final decision based on the costs for assuring technical performance.
The level of interest of the utility company in the DG unit will define possible benefits in the energy price, making the investment more viable and interesting for the consumer. However it depends if the energy is commercialized by the utility company or other agent.
As in many cases one of the biggest problem with DG units is the lack of interest of the costumer in the DG operation and maintenance, it is important to analyze the possibility of create an operation centre for dispatching, controlled by the utility company, who will operate all the DG units connected to the grid. This would optimize the operation and bring higher reliability. 
